Objective: Patients with Lewy body spectrum disorders (LBSD) such as Parkinson's disease, Parkinson's disease with dementia, and dementia with Lewy bodies exhibit deficits in both narrative comprehension and narrative expression. The present research examines the hypothesis that these impairments are due to a material-neutral deficit in organizational executive resources rather than to impairments of language per se. We predicted that comprehension and expression of narrative would be similarly affected and that deficits in both expression and comprehension of narrative would be related to the same anatomic distribution of prefrontal disease. Method: We examined 29 LBSD patients and 26 healthy seniors on their comprehension and expression of narrative discourse. For comprehension, we measured accuracy and latency in judging events with high and low associativity from familiar scripts such as "going fishing." The expression task involved maintaining the connectedness of events while narrating a story from a wordless picture book. Results: LBSD patients were impaired on measures of narrative organization during both comprehension and expression relative to healthy seniors. Measures of organization during narrative expression and comprehension were significantly correlated with each other. These measures both correlated with executive measures but not with neuropsychological measures of lexical semantics or grammar. Voxel-based morphometry revealed overlapping regressions relating frontal atrophy to narrative comprehension, narrative expression, and measures of executive control. Conclusions: Difficulty with narrative discourse in LBSD stems in part from a deficit of organization common to comprehension and expression. This deficit is related to prefrontal cortical atrophy in LBSD.
Telling a story of personal experience or giving directions on how to perform an everyday task are communicative acts that healthy people take for granted. Comprehension of such speech acts is likewise a part of daily life. Effective interaction with one's family and community depend on such routine communications. The present report focuses on difficulties with this form of communication in patients with Lewy body spectrum disorder (LBSD), including Parkinson's disease (PD), Parkinson's disease in which a progressive reduction in cognitive functioning has reached the status of dementia (PDD), and dementia with Lewy bodies (DLB).
Though it is primarily considered to be a motor disorder, PD is also known to affect cognition. Cognitive deficits in mild PD may include executive dysfunction and visuospatial deficits, and some patients may also have impaired memory (Bosboom, Stoffers, & Wolters, 2004; Brown & Marsden, 1990; Levin, Tomer, & Rey, 1992) . Hypothesized mechanisms of a cognitive deficit implicate dopamine depletion in the substantia nigra. This causes impaired functioning of the basal ganglia, an area that may mediate cognitive functioning through its rich connections with the frontal cortex. It may also lead to impaired frontal lobe functioning more directly through compromised projections from the ventral tegmental portion of the substantia nigra to regions of the frontal lobe.
A progressive reduction in cognitive functioning in a proportion of PD patients eventually reaches the status of dementia (PDD). This is estimated to occur in about 20% of PD patients when first seen (Brown & Marsden, 1984; Ebmeier et al., 1991; Grossman, 1999; Mayeux et al., 1988) , with estimates ranging from 11% to 36% (Giladi et al., 2000; Girotti et al., 1988; Lees, 1985; Parashos, Johnson, Erickson-Davis, & Wielinski, 2009 ). Up to 80% of patients with PD may eventually develop PDD as the disease progresses (Aarsland, Andersen, Larsen, & Lolk, 2003; Buter et al., 2008; Hely, Reid, Adena, Halliday, & Morris, 2008) . Dementia in PD is associated with a proliferation of Lewy bodies in the cerebral cortex. This histopathologic picture is identical to that seen in DLB, a condition that is said to differ clinically from PDD in that there is a relatively later onset of a motor disorder in DLB compared with PDD . Thus there exists a spectrum of cognitive disorders associated with extrapyramidal features, unified by the presence of Lewy bodies, varying in the relative onset of motor and cognitive features, and including PD patients potentially converting to clear dementia. We refer to this family of conditions as LBSD. It includes nondemented patients (PD), cognitively impaired patients with a relatively early onset motor disorder (PDD), and demented patients with minimal or late onset motor disorder (DLB). We acknowledge that this view of PD, PDD, and DLB as a spectrum of cognitive and movement disorders is not universally accepted. Other researchers have identified both similarities and differences in the cognitive consequences of these diseases (Aarsland et al., 2003; Downes et al., 1998) . In general, however, both the cognitive and brain atrophy differences that have been found among the groups are interpretable as quantitative differences in degree of change, rather than qualitative differences in the nature of these conditions (Double et al., 1996; Harrington et al., 1994) . The shared features of proliferation of Lewy bodies in the cerebral cortex and a qualitatively similar range of cognitive deficits are the grounds for our regarding these conditions as a spectrum of disorders.
There is evidence that cognitive deficits in PD can affect language as well Colman et al., 2009; Grossman, 1999; Hochstadt, 2009; Pereira et al., 2009 ). For example, some authors have reported reduced syntactic complexity in speech production (Ash, McMillan, Gross, Cook, Morgan, et al., 2011; Cummings, Darkins, Mendez, Hill, & Benson, 1988; Murray & Lenz, 2001) . Recent work examining grammatical comprehension has focused on the role of limited executive resources, such as poor working memory, in the comprehension deficits of these patients (Colman et al., 2009; Gross, Camp, et al., 2011) . Most studies of language in LBSD are limited to nondemented patients, although there are exceptions (Ash, McMillan, Gross, Cook, Morgan, et al., 2011; Gross, McMillan, et al., 2011; Gross, Camp, et al., 2011; Parashos et al., 2009; Piatt, Fields, Paolo, Koller, & Troster, 1999) .
In the present study, we focus on narrative language. Narrative is a verbal technique of recapitulating past experience by matching a sequence of narrative units to the temporal sequence of events that occurred (Labov & Waletzky, 1967) . It is a term usually applied to language production. In the present article, we also consider the receptive aspect of narrative; that is, we consider the comprehension of scripts describing familiar routines as narrative comprehension. While lexical selection and syntactic structure clearly play a role in a narrative, a feature of narrative that is not present at the levels of the single word or sentence is the top-down organization of events contributing to the narrative (Farag et al., 2010; Mar, 2004) . We examine the hypothesis that both the comprehension of a narrative consisting of events from a brief script and the production of a narrative in a semistructured speech sample are impaired in LBSD. We test nonaphasic patients with LBSD in order to determine whether there are linguistic or cognitive factors that are common to difficulty with both the comprehension and expression of connected speech and contribute to these patients' narrative impairments.
We consider first narrative comprehension. Previous studies have examined the association between events contributing to a script in several conditions, including focal brain lesions (Joanette & Goulet, 1990) , traumatic brain injury (Coelho, Grela, Corso, Gamble, & Feinn, 2005) , and neurodegenerative diseases (Cosentino, Chute, Libon, Moore, & Grossman, 2006; Farag et al., 2010) . Cosentino and colleagues (2006) conducted a study examining the processing of four-event scripts describing familiar activities (e.g., "making coffee"). Nonaphasic patients with behavioral variant frontotemporal degeneration (bvFTD) showed greater difficulty detecting sequencing errors relative to semantic errors. This finding supports the notion that there is an organizational component to script processing, separable from knowledge of script content, that is compromised in patients with frontal/executive dysfunction (Cosentino et al., 2006) . More recently, a deficit of top-down organization has been demonstrated in the impaired comprehension of narratives in bvFTD (Farag et al., 2010) . Further, patients with left and bilateral frontal injuries have exhibited difficulty recognizing the pragmatic connection between pairs of successively presented sentences (Ferstl, Guthke, & von Cramon, 2002) . We are aware of only one previous study of narrative comprehension in nonaphasic patients with LBSD (Gross, Camp, et al., 2011) . The authors described poor comprehension of the organization of events from a script in patients with PDD and DLB compared with nondemented PD patients and healthy seniors. The patients' impairment correlated with impaired performance on measures of executive control that are important for organization and planning. In the present study, we also assessed narrative comprehension by examining LBSD patients' ability to judge the association of temporally ordered events in a narrative script.
We next consider narrative expression. In our prior work, we asked nonaphasic patients with bvFTD to narrate a wordless children's picture story. A detailed analysis of performance revealed a limited grasp of the story's overall theme and poor connectedness between successive events in the patients' stories, even though lexical and grammatical aspects of word and sentence use were relatively preserved (Ash et al., 2006) . We recently demonstrated a similar deficit in LBSD (Ash, McMillan, Gross, Cook, Morgan, et al., 2011) . This impairment was most evident in patients with PDD and DLB relative to nondemented patients with PD and healthy seniors.
Executive deficits on tasks requiring working memory, planning, and organizational skills have been described extensively in LBSD (Calderon et al., 2001; Kraybill et al., 2005; Lambon Ralph et al., 2001; Libon et al., 2001) . Such deficits in executive resources may interfere with the capacity for effective communication in LBSD at the level of narrative, due to the demands placed on organization and planning. These higher-level organizational functions provide for the relating of narrative events to each other and support communicative coherence by maintaining the theme of the narrative, even if associated events are not adjacent to each other. Consistent with a model of narrative processing that involves executive functioning, previous work with nonaphasic bvFTD patients has related deficits of narrative comprehension and narrative expression to impaired performance on measures of executive functioning (Ash et al., 2006; Farag et al., 2010) . Similarly, narrative deficits in LBSD have been associated with limited executive resources during expression (Ash, McMillan, Gross, Cook, Morgan, et al., 2011) and during comprehension (Gross, Camp, et al., 2011) . We also examine linguistic deficits that may interfere with comprehension and production, such as difficulty with syntactic or semantic aspects of language comprehension or expression. In the present study of LBSD, we predict that difficulties with narrative comprehension and narrative expression will be correlated with each other. Furthermore, we predict that impairments on executive measures involving organization and planning will be correlated with deficits in both comprehension and expression of narrative.
We related impairments of discourse comprehension and expression in LBSD to their neuroanatomic underpinnings using volumetric magnetic resonance imaging (MRI). Consistent with the hypothesized basis for cognitive difficulty in LBSD, volumetric MRI studies have shown frontal gray matter loss in PD, although there may also be extension to temporal, occipital, and parietal cortical areas in DLB/PDD (Ash, McMillan, Gross, Cook, Morgan, et al., 2011; Burton, McKeith, Burn, Williams, & O'Brien, 2004; Gross, McMillan, et al., 2011; Gross, Camp, et al., 2011; Whitwell et al., 2007) . Voxel-based diffusion tensor imaging has shown white matter abnormalities in multiple brain regions including the frontal lobes (Lee et al., 2010) . Functional imaging has shown disturbance of frontostriatal metabolism in these disorders (Eckert et al., 2005; Eidelberg, 1992; Eidelberg et al., 1990; Eidelberg et al., 1994; Huang et al., 2007; Lewis, Dove, Robbins, Barker, & Owen, 2003; Lozza et al., 2004; Sawamoto et al., 2008) . Previous assessments of narrative have underlined the crucial role of prefrontal regions following focal brain lesions (Joanette & Goulet, 1990) and traumatic brain injury (Coelho et al., 2005) . In bvFTD, prefrontal disease has been associated with narrative disorders in both comprehension (Farag et al., 2010) and expression (Ash et al., 2006; Chapman et al., 2002) . Our prior investigations of LBSD have related narrative deficits in comprehension (Gross, Camp, et al., 2011) and expression (Ash, McMillan, Gross, Cook, Morgan, et al., 2011) to prefrontal disease. In the present study, we seek to determine whether deficits in narrative comprehension and expression are associated with the same brain regions in LBSD. Further, we investigated whether a prefrontal basis for a deficit common to both comprehension and expression overlaps with a prefrontal region also shown to be crucial for organizational resources in LBSD.
Methods

Subjects
We studied 29 nonaphasic patients with LBSD, diagnosed in the Cognitive Neurology or Movement Disorders clinics of the Department of Neurology at the University of Pennsylvania by experienced neurologists (Goldmann Gross, Siderowf, Grossman) according to published criteria (Hughes, Daniel, Kilford, & Lees, 1992; McKeith et al., 2005) . The nondemented group consisted of 20 patients with PD. A group of nine patients exhibited evidence of dementia, including four patients with DLB and five with a diagnosis of PDD. Some of these patients had participated in both of the studies by Ash, McMillan, Gross, Cook, Morgan, et al. (2011) and Gross, Camp, et al. (2011) . In determining the diagnosis, the convention recommended by the Third Report of the DLB Consortium was followed: A diagnosis of PDD was made when motor symptoms preceded the onset of dementia by at least 1 year, and a diagnosis of DLB was made when dementia preceded the development of motor symptoms by at least 1 year. Features of DLB recognized in the Third Report of the DLB Consortium , such as fluctuating cognition, variations in attention and alertness, and visual hallucinations, were relatively mild and did not interfere with performance at the time of testing.
Patients were assigned to PD, PDD, or DLB subgroups using a consensus evaluation based on published criteria that entailed two independent raters reviewing a semistructured neurologic history, a complete neurologic exam, and a detailed mental status exam. In addition to clinical criteria, patients were classified as having dementia if (a) the Mini-Mental State Exam (MMSE) score was less than or equal to 24, or (b) if the MMSE was greater than 24 but the patient performed in the demented range on the Mattis Dementia Rating Scale (age-adjusted score less than or equal to 5) (Folstein, Folstein, & McHugh, 1975; Lucas et al., 1998; Mattis, Jurica, & Leitten, 2001 ). This latter criterion was implemented for patients judged clinically to be demented who had a predominantly dysexecutive syndrome that was not detected by the MMSE, an instrument that is relatively insensitive to executive deficits.
Demographic and clinical characteristics are summarized in Table 1 . Because LBSD is a spectrum disorder, means are presented for the combined subgroups and also for the demented and nondemented patient subgroups separately. Clinical features include dopaminergic medication use, Unified Parkinson's disease Rating Scale (UPDRS) motor assessment (Fahn, Elton, & UPDRS Program Members, 1987) , and Hoehn & Yahr stage (Hoehn & Yahr, 1967) . Dopaminergic medication use is expressed as levodopa equivalents. In accordance with Hobson et al. (2002) , the following dosages of medication are taken as equivalent: 100 mg levodopa; 130 mg controlled-release levodopa; 70 mg levodopa in conjunction with catechol-O-methyl transferase inhibitor; 1 mg pergolide; 1 mg pramipexole; 5 mg ropinirole. Other PD medications (e.g., anticholinergics and monoamine oxidase inhibitors) were not included in the determination of levodopa equivalent dose. Exclusionary criteria included other causes of dementia, such as metabolic, endocrine, vascular, structural, nutritional, and infectious etiologies, and primary psychiatric disorders. The DLB/ PDD patients were mildly impaired according to the MMSE (Folstein et al., 1975) . One-way analyses of variance indicated that control, PD, and DLB/PDD subject groups were matched for age and education. Disease duration and UPDRS motor disorder did not differ significantly across LBSD subgroups. Control subjects consisted of 14 age-and education-matched healthy seniors evaluated on the expression task, 10 evaluated on the comprehension task, and 2 subjects who completed both tasks. Although the proportions of male and female subjects differed significantly in the LBSD and control groups ( 2 ϭ 9.70, p Ͻ .005), there was no significant difference between males and females on any of the comprehension, expression, or neuropsychological variables that were studied. This finding held true for both LBSD patients and control subjects. All subjects completed an informed consent procedure in accordance with the Declaration of Helsinki and approved by the Institutional Review Board of the University of Pennsylvania.
Narrative Comprehension Materials
We created 22 scripts, each consisting of six events, describing familiar activities such as going fishing or making a sandwich. The development of this task has been described in detail elsewhere (Farag et al., 2010) . The associativity of the events in each script was established by judgments from a group of 10 young, healthy subjects. These pilot subjects were asked to arrange the events first in chronological order and then into clusters showing the degree of association of the events. Figure  1 displays an example of the clustered structure of the events of a script. We then established the following types of event pairs, also shown in Figure 1 : adjacent events contained within the same cluster (WC); adjacent events from different clusters (DC), where one event was the same as an event from the WC pair; and nonadjacent event pairs from different clusters where one event was the same as an event from the WC pair (NA). Half of all event pairs were shown in the correct order and half were shown in the incorrect order. Subjects were shown a total of 198 pairs of events and were asked to judge whether the order of presentation was the correct order for performance of the actions. The stimuli were randomized with respect to correctness of order of presentation and were distributed over six runs, resulting in 33 items per run. Each type of event pair was presented from two to five times per run. Because not all participants were available for testing on all neuropsychological measures, and because of technical limitations in recovering some demographic and clinical features, we provide in parentheses the numbers of participants for which each characteristic was ascertained if fewer than the total number in the group.
b For all statistically significant comparisons of DLB/PDD patients to Controls, the effect size is "medium" or "large" (Cohen's d Ͼ 0.7). For all statistically significant comparisons of LBSD and PD patients to Controls, the effect size is "small" or "medium" (Cohen's d ranges from 0.3 to 0.7).
c The composite score of executive function was constructed by averaging the z scores of category naming fluency and time to complete Trails B.
d The composite score of grammatical expression was derived by summing the proportions of well-formed sentences and utterances containing complex structures. 
Narrative Comprehension Procedure
The stimuli were presented using a Dell Inspiron 1100 laptop computer. E-Prime 1.4.1 presentation software was used to record response accuracy and latency. For each trial, a story title and pair of events were displayed on the monitor in black 18-point Arial type. First, the story title was presented at the top of the screen for 3000 ms, followed by a blank screen for 200 ms. Then the previously displayed story title was shown with one story event beneath the title for 4000 ms, again followed by a blank screen for 200 ms. Finally, the story title and the first event were shown with a second event presented below the first event for 4000 ms. Subjects were asked to judge whether the two events were shown in the correct order for the performance of the complete action named in the title. Response time was not limited. "Yes" or "no" responses were recorded by a button press on the computer keyboard. Subjects were given a practice run of six items before administration of the experiment. During the practice trials, incorrect answers were corrected and explained by the experimenter to ensure comprehension of task instructions.
Only responses to event pairs that had been presented in the correct order were analyzed. Outliers of less than 500 ms or more than 14,000 ms were eliminated. An individualized filter for latencies of 2.5 standard deviations was employed to normalize responses based on each subject's own distribution of reaction times (RTs). On average, 7.5% of responses were excluded across subjects.
Narrative Expression Materials
In this task, the subjects were directed to tell the story of the wordless children's picture book, Frog, Where Are You (Mayer, 1969 ). An outline of the story is given elsewhere (Ash et al., 2006) . Briefly, the story begins with a boy and his dog admiring a frog that they keep in a large jar as they prepare to go to bed for the night. The frog escapes, and the following morning, the boy and his dog find that the window is open and the frog is gone. The story illustrates the adventures of the boy and his dog as they search for the frog in the forest outside their house. Ultimately, they find their frog with a lady frog and a brood of baby frogs. The book's sequence of 24 drawings elicited an extended speech sample with a known target that was comparable in content across subjects and gave patients an opportunity to demonstrate the breadth of their language production capability. We elected to study speech production in this manner to elicit a narrative without taxing the memory resources of the speakers and to eliminate the interruptions of turn-taking that occur in free conversation. We used a longer story rather than the description of a single picture in order to elicit a reasonably lengthy speech sample that was representative of the patient's speech and language abilities. We used a relatively unknown story rather than a fairy tale to avoid the intrusion of previously learned material.
Narrative Expression Procedure
Each subject was asked to look through the book for as long as s/he wished to become familiar with the story. When ready, the subject was asked to start at the beginning and narrate the story as if telling it to a child. Due to the nature of the protocol, there was no influence of the examiner on the time taken by the subjects to tell the story. Ten narrations were recorded on a Macintosh Powerbook G3 laptop computer using the Macintosh external microphone (part #590 -0670) and the computer program SoundEdit 16, version 2 at a sampling frequency of 44.1 kHz. Twenty-eight were recorded on a Dell Inspiron 2200 PC using the signal processing software Praat (Boersma & Weenink, 1992 ) at a sampling rate of 22.05 kHz, using a Radio Shack omnidirectional lavaliere electret condenser microphone. Seven were recorded on a Marantz PMD 670 digital recorder at a sampling frequency of 32 kHz, using a Sennheiser MKE2 omnidirectional lavaliere condenser microphone.
The recordings of the narratives were transcribed in detail by trained transcribers using the signal processing software Praat. The transcription conventions used to capture the irregularities in patients' speech are defined elsewhere (Ash et al., 2006) . The narratives were coded from the transcripts by trained judges, referring to the original speech files as needed. All coding was checked by a linguist (Ash) with expertise in grammatical, phonetic, and phonological analysis.
Analysis of Narrative Organization in Expression
To assess the hypothesis that LBSD patients have a disorder of organization in narrative production, we evaluated two aspects of coherence in the patients' narratives.
Local connectedness. An event was scored as locally connected if the narrative gave a relationship between a mentioned event and the preceding material. This was accomplished by rhetorical devices such as sequencing adverbials, pronominal reference to preceding events, reference by definite as opposed to indefinite determiners (Given vs. New information), and statements of cause and effect. Alternatively, the requirements of local connectedness were violated if a new element in the story was referred to in terms that are only appropriate for an element that has already been mentioned, as with definite determiners or pronominal reference when there is no immediately preceding noun antecedent. An event was scored as not connected if appropriate connecting devices were not present and the reported event did not follow logically from the preceding utterances.
Search theme. The essence of the story is that a boy and his dog have a pet frog which escapes from the boy's room while he and the dog are asleep. They search for the frog, first in the boy's room and then outdoors in the woods near his house. Ultimately, they find the frog. Thus, the search for the frog is the central theme of the story, and keeping the theme in mind unifies the narrative and maintains its coherence. Search theme maintenance was scored from 0 to 4 by counting points accrued according to these criteria: one point for noting that the frog is missing, one point for noting that the boy is searching for the frog, one point for one or two further mentions of the search theme, and one point for any additional mentions of the search theme (Reilly, Losh, Bellugi, & Wulfeck, 2004 ).
An example of a story narration produced by an LBD patient is given in Appendix A.
Language performance at the level of semantics was assessed by calculating the percentage of words spoken by the subject that were open class (content) words. Grammaticality was judged by a composite measure. First, the proportion of sentences spoken that were well-formed (complete and free of grammatical errors) was calculated. Second, the proportion of utterances that contained complex structures, either dependent clauses or phrasal adjuncts, was assessed (Ash et al., 2006) . These two measures were added together, yielding a score that ranged from 0 to 2.
Results of the assessment of language production of semantics and grammar are summarized in Table 1 . Patients did not differ from controls in their semantic performance as represented by the proportion of open class words produced. LBSD patients as a group were impaired compared with controls on the composite measure of grammatical expression.
Neuropsychological Evaluation
The patients underwent neuropsychological testing within an average of 4 months of the dates of testing. For the comprehension task, the mean Ϯ SD number of days of separation of the tests was 113 Ϯ 118. For the expression task, the corresponding number of days was 107 Ϯ 187. As PD progresses slowly, with survival often decades long, an average discrepancy of 4 months between neuropsychological testing and the experimental task is acceptable. Nevertheless, a larger study would be needed to help establish the maximum acceptable difference that allows reasonable inferences about relationships among behavioral measures. We assessed subjects on tests of executive functioning, semantics, and grammaticality. Executive functioning was assessed by category naming fluency for animals (total number of nonrepeated animal names in 1 min), a test of the mental planning needed to search a semantic field; time taken to complete Trails B (up to 180 s), a test of planning and mental flexibility requiring alternation between letter and number sequences; reverse digit span (total number of digits correctly repeated in reverse order), a test of working memory; and letter-guided word-naming fluency (averaged total number of nonrepeated words in 1 min for each of the letters F, A, and S), a test of mental search capability. Semantics was tested by an abbreviated form of the Boston Naming Test (% correct). Comprehension of syntax was tested by probing the subject's ability to identify the agent or patient in sentences with active and passive voice, subjectand object-relative clauses, and right-branched versus centerembedded clauses (maximum score ϭ 48).
Results of the neuropsychological testing are summarized in Table 1 . The LBSD patients differed significantly from controls on neuropsychological measures of executive functioning. Examination of the demented and nondemented subgroups revealed that the greatest differences between patients and controls were found in the DLB/PDD subgroup, in which patients were impaired on all measures. In addition, PD patients were impaired relative to controls on a measure of mental search.
On measures of receptive language performance, patients did not differ from controls on semantics as assessed by the Boston Naming Test. LBSD patients, including both the PD and DLB/ PDD subgroups, were impaired in the comprehension of complex sentences.
Statistical Considerations
Levene's test of homogeneity of variance indicated that some measures of language and neuropsychological test scores did not meet the requirement of homogeneity of variance for parametric statistical tests. Both sample sizes and variances differed substantially between groups that were being compared; therefore, we used the Welch statistic to test the equality of group means. The equality of paired samples was tested using the Wilcoxon signedrank test, and correlations were calculated using Spearman's rho. All statistical analyses were conducted using SPSS 12.0.
Imaging Methods
Fourteen LBSD patients, including 8 patients with PD and 6 patients with DLB/PDD, had a volumetric brain MRI scan within 1 year of the narrative task. These 14 patients did not differ statistically from the larger set of 29 LBSD patients on any neuropsychological or language measures (see Appendix B, Table B1 ).
Eleven patients had MRI scans acquired using a GE 1.5T scanner with 1.2-mm slice thickness and a 144 ϫ 256 matrix. For three patients and 40 age-matched controls, images were collected using a SIEMENS Trio 3.0T scanner with 1-mm slice thickness and a 195 ϫ 256 matrix. Images from both scanners were deformed into a standard local template space with a 1-mm 3 resolution using PipeDream (https://sourceforge.net/projects/neuropipedream/) and Advanced Normalization Tools (ANTS, http:// www.picsl.upenn.edu/ANTS/). These tools have been validated as stable and reliable for performing multivariate normalization (Avants, Epstein, Grossman, & Gee, 2008; Klein et al., 2009 ). Both PipeDream and ANTS mapped T1 structural MRI images to an optimal template space, using diffeomorphic and symmetric registration methods (Avants & Gee, 2004; Avants et al., 2010) . The registered images were segmented into gray matter probability maps using template-based priors and then registered to template space of the Montreal Neurological Institute for statistical comparisons. Gray matter probability images were smoothed in SPM5 (http://www.fil.ion.ucl.ac.uk/spm/software/spm5) using a 4-mm full-width half-maximum Gaussian kernel to minimize individual gyral variations.
In SPM5, a two-sample t test covarying for scanner contrasted gray matter probability between patients with LBSD and healthy controls to identify regions of significant cortical atrophy. For this atrophy analysis, an explicit mask was defined by generating a mean gray matter image from the healthy controls in order to limit the analysis to voxel-wise comparisons within gray matter. We used a p Ͻ .05 (uncorrected) height threshold, 400-voxel extent, and accepted clusters with a peak voxel z score Ͼ 3.09 (p Ͻ .001).
The regression module in SPM5 was used to relate gray matter atrophy to expression as measured by search theme score. We also related gray matter atrophy to comprehension as measured by latency for adjacent WC judgments. Finally, we related gray matter atrophy to the composite measure of executive functioning. We performed a whole-brain analysis for each of these regressions using an explicit mask based on the anatomic distribution of gray matter atrophy. This enabled us to examine the relationship between the narrative and executive measures and brain areas known to be significantly diseased, based on the prior analysis of wholebrain gray matter atrophy. We interpreted only regions where measures of language and executive performance were related to atrophied gray matter areas because these diseased areas were likely to be implicated in the patients' deficits, and it would be difficult to explain with confidence significant associations be-tween patients' performance and nonatrophied regions. For the regression analyses, we used a height threshold of p Ͻ .05 (uncorrected), 200-voxel extent, and we accepted clusters with a peak voxel z score Ͼ 3.09 (p Ͻ .001). Coordinates for all accepted clusters were converted to Talairach space (Talairach & Tournaux, 1988) .
Results
Narrative Comprehension Results
Performance on the measures of narrative comprehension and expression are summarized in Table 2 . To assess narrative comprehension, we first measured overall response latency. We found that LBSD patients as a whole and the subgroup of PD patients did not differ significantly from controls. In contrast, DLB/PDD patients were slower on average to respond in judging the order of events in the scripts. This slowing of response time was also seen in judgments of adjacent WC events and adjacent DC events in both LBSD patients as a group and in the DLB/PDD subgroup. Nondemented PD patients did not exhibit this slowing of response time. A within-group analysis was conducted to compare subjects' response times with WC and DC events. Healthy seniors were significantly faster at making ordering judgments for WC event pairs compared with DC event pairs (Z ϭ -2.82; p Ͻ .01). LBSD patients as a group also judged WC event pairs faster than DC pairs (Z ϭ Ϫ2.20; p Ͻ .05). Of the LBSD subgroups, PD patients exhibited an advantage for judging WC event pairs compared with DC pairs (Z ϭ 2.46; p Ͻ .05), resembling controls. However, DLB/PDD patients differed from controls by not showing this advantage; their response time did not differ for WC and DC event pairs (Z ϭ 0.42, not significant). These results replicate the findings of Gross, Camp, et al. (2011) . They suggest that the faster response time for controls and nondemented PD patients indicates sensitivity to the closer association of WC events compared with events that are adjacent but belong to different clusters. DLB/PDD patients, in contrast, are relatively insensitive to the closer association of WC events compared with events belonging to different clusters, suggesting that these patients have difficulty appreciating the hierarchically organized structure of narratives during comprehension.
Narrative Expression Results
Organization of a narrative during expression is quantifiable as maintenance of the theme-in this case, the theme of the search for the frog-and maintenance of the connectedness of successive events to each other. These results are summarized in Table 2 . LBSD patients as a group are impaired on both of these measures of narrative organization during expression. The nondemented subgroup of PD patients and the demented subgroup of DLB/PDD patients both exhibit impairments on these measures of narrative organization. These results replicate the previous findings of Ash, McMillan, Gross, Cook, Morgan, et al. (2011) and support the conclusion that organizational deficits in LBSD patients affect their production of narrative discourse.
Correlations of Narrative Comprehension, Narrative Expression, and Executive Measures
We examined correlations between measures of narrative comprehension, narrative production, neuropsychological factors, and nonnarrative aspects of language competence to investigate the relationship between narrative comprehension and expression and to study the basis of the impairments observed in the group of 29 LBSD patients. Narrative comprehension is quantified by latency for ordering judgments of adjacent WC events. Narrative expression is quantified by the score on maintenance of the search theme in the narration of the story. The correlations are summarized in Table 3 .
We found that narrative comprehension and narrative expression are highly correlated with each other. In addition, comprehension and expression are both correlated with measures of executive functioning, providing evidence that resources supporting organization and planning are related to both the comprehension and production of narrative discourse. There is no correlation of the measures of narrative comprehension and expression with features of semantic competence. Neither narrative comprehension nor narrative expression is correlated with grammaticality in the production of the spoken narratives, but both comprehension and expression are correlated with the comprehension of complex syntax. In addition, performance on the test of comprehension of complex sentences, a test of receptive grammatical competence, is For all statistically significant comparisons of DLB/PDD patients to Controls, the effect size is "medium" (Cohen's d ranges from 0.5 to less than 0.8). For all statistically significant comparisons of LBSD and PD patients to Controls, the effect size is "small" or "medium" (Cohen's d ranges from 0.3 to 0.6). correlated with measures of executive function. For the LBSD group, these correlations are as follows: comprehension of complex sentences is correlated with category fluency (animals), s ϭ .92, p Ͻ .01; with Trails B time, s ϭ -.79, p Ͻ .01; with reverse digit span, s ϭ .69, p Ͻ .01; with letter-guided fluency (FAS), s ϭ .72, p Ͻ .01. For PD patients, there was a significant correlation of performance on comprehension of complex sentences with category fluency (animals): s ϭ .78, p Ͻ .01. For DLB/PDD patients, there were no significant correlations of performance on comprehension of complex sentences with executive measures. Because comprehension of complex sentences, measures of narrative comprehension, and measures of narrative expression were all highly correlated with executive measures in LBSD, we calculated partial correlations of the measures of narrative comprehension and production with complex sentence comprehension while controlling for performance on executive measures. The partial correlations showed that there was no significant correlation of complex sentence comprehension with narrative comprehension or expression when we controlled for executive functioning. Thus, performance on measures of narrative comprehension and expression correlate significantly with each other, and both correlate with measures of executive functioning. However, narrative comprehension and expression do not correlate with linguistic measures of syntax or lexical semantics.
Imaging Results
The structural images for 14 LBSD patients exhibited extensive gray matter atrophy compared with healthy seniors (see Figure 2) . The coordinates of atrophy peaks are given in Table 4 . Extensive atrophy was observed in the frontal lobe, seen bilaterally in medial, ventromedial, and ventrolateral frontal regions, left dorsolateral frontal regions, and in right anterior, middle, and cingulate frontal regions. Atrophy was also observed bilaterally in middle temporal, inferior temporal, and hippocampal regions. In addition, atrophy extended to right inferior parietal and left postcentral regions.
We performed a series of whole brain regression analyses to relate cortical atrophy to narrative comprehension, quantified by latency of correct WC ordering judgments; to narrative expression, quantified by search theme score; and to executive functioning, quantified as the average z score for category fluency and Trails time. The coordinates of peaks of the correlations for the three regression variables are given in Tables B2-B4 of Appendix B. We identified significant cortical areas where there was overlap of atrophy related to narrative comprehension, narrative expression, and executive functioning. These areas are shown in Figure  3 in coronal slices at y ϭ 30 (top row) and y ϭ 60 (bottom row).
At y ϭ 30, overlap with atrophy is seen bilaterally in an inferior portion of the ventrolateral prefrontal cortex (BA 47) and a middle portion of the ventrolateral prefrontal cortex (BA 47) for regressions involving both narrative expression and executive function- ing. These areas overlap the area of regression relating narrative comprehension to atrophy in the right middle ventrolateral prefrontal cortex (BA 47). At y ϭ 60, overlap of the regressions relating all three measures to atrophy is seen in the right anterior frontal region (BA 10).
Discussion
In this study, we investigated the relationship between the comprehension and expression of narrative discourse in LBSD. Previous work has shown that executive functioning plays a major role in organizing discourse during both comprehension and expression (Ash et al., 2006; Farag et al., 2010; Troiani et al., 2008) . Because LBSD patients have limited executive resources, we predicted that executive deficits would interfere with their organization of narrative discourse in both comprehension and expression. Given the prefrontal anatomic distribution of disease in these patients, we predicted that their narrative impairment would be related to prefrontal disease. We found highly correlated deficits in the comprehension and expression of narratives in LBSD, and this was related to limitations in executive resources such as organization and planning. Furthermore, the narrative deficits in these patients were related to overlapping areas of prefrontal disease. We discuss each of these issues in turn below.
In the comprehension task, we confirmed earlier results (Gross, Camp, et al., 2011) showing that LBSD patients are impaired in their processing of brief scripts. The observed deficits in script comprehension were most pronounced in the DLB/PDD subgroup. Most importantly, DLB/PDD patients apparently have lost the sensitivity to the close association of WC events that is exhibited by PD patients and healthy seniors. The high associativity of events within a cluster is important in the hierarchical organization of a narrative (Farag et al., 2010; Mar, 2004 ). In the expression task, we found that LBSD patients are impaired at maintaining the search theme and local connectedness, replicating previous findings (Ash, McMillan, Gross, Cook, Morgan, et al., 2011) . Theme maintenance and local connectedness are critical in the organization of a narrative during expression (Ash et al., 2006) . Both comprehension and expression tasks thus place demands on the speaker's organizational competence in narrative discourse.
Previous studies have demonstrated the contribution of executive resources to the organization of narrative discourse in both comprehension and production. In comprehension, one study showed that nonaphasic patients with bvFTD exhibited deficits in judging the ordering of events in a brief script, although their ability to identify semantically anomalous single events was relatively spared (Cosentino et al., 2006) . A follow-up study of comprehension, using the same materials as the present study, showed that bvFTD patients, like the DLB/PDD patients in the present study, were impaired in appreciating the closer association of events within a cluster compared with adjacent events in different clusters (Farag et al., 2010 ). An earlier study of narrative production in bvFTD also showed deficits in the organization of narratives produced in the same task as that reported here (Ash et al., 2006) . In all of these studies, deficits in the comprehension and expression of narrative organization were related to deficits on neuropsychological measures of executive control. In the present study, we found that impairments of narrative organization in comprehension and expression were related to executive functioning.
In other areas of language, performance on production and comprehension tasks may not always be governed by the same processing mechanism. Sentence-level studies of language in stroke aphasics, for example, have shown a dissociation of grammatical processing in comprehension and production (Miceli, Mazzucchi, Menn, & Goodglass, 1983) . By comparison, the language impairments of nonaphasic LBSD patients appear to be due in large part to a cognitive impairment associated with deficits in executive functioning Colman et al., 2009; Gross, McMillan, et al., 2011; Grossman, 1999; Grossman et al., 2003) . The evidence presented here suggests that the organization of narrative discourse in comprehension and production is not significantly dependent on language-specific capabilities but rather appears to rely at least in part on executive resources. Evidence from earlier studies supports this view (Farag et al., 2010; Mar, 2004) .
Despite deficits in narrative comprehension and expression, neither bvFTD patients (Ash et al., 2006; Cosentino et al., 2006; Farag et al., 2010) nor LBSD patients (Ash, McMillan, Gross, Cook, Morgan, et al., 2011; Gross, Camp, et al., 2011) examined in previous studies were aphasic. In the present study, we found no significant impairment of LBSD patients on measures of semantics in either comprehension or expression. This is consistent with previous reports of relatively intact lexical semantic processing in PD (Bayles, 1990; Piatt et al., 1999) . Resource-demanding lexical processing such as that involved in resolving the meaning of homophones with multiple meanings has, however, been found to be compromised in LBSD (Chenery, Angwin, & Copland, 2008; Copland, 2006; Copland, McMahon, Silburn, & de Zubicaray, 2009) . In further support of the prediction that simple lexical semantic processing does not play a significant role in the organization of narratives in these patients, we found no correlation between the measures of semantics taken during the present study and narrative comprehension or expression. In contrast, LBSD patients were impaired on both the receptive and the productive measures of grammaticality. Yet difficulty in producing grammatical utterances seems to contribute minimally to the difficulty exhibited by LBSD patients in narrative organization, because there was no correlation between narrative comprehension or expression and the composite score of grammatical production. We did find that grammatical comprehension correlated with narrative comprehension and expression. However, partial correlation analyses suggest that this may have been observed because all three of these measures correlate with executive functioning. When we controlled for executive functioning, there was no significant correlation of performance on complex sentence comprehension with the measures of either narrative comprehension or narrative expression. The association of comprehension of complex sentences in LBSD with executive functioning may be a reflection of the importance of working memory in understanding these sentences. Comprehension of complex sentences has been found previously to correlate with executive functioning (Colman et al., 2009; Gross, McMillan, et al., 2011) . Production of grammar may be less likely to correlate with executive functioning because production is under the control of the speaker, so speakers may limit themselves to producing grammatical constructions that are within the competence provided by their level of executive functioning.
These findings reinforce the conclusion that narrative organization depends minimally on language-specific processing resources.
In sum, the organization of temporally ordered discourse in LBSD patients exhibits a strong parallelism between comprehension and expression. Both of these facets of communication reveal a reliance on executive functioning. As has been reported many times, language at the level of words and sentences in LBSD is relatively spared. However, everyday communication takes place at the higher level of discourse, where executive resources are required. At this level, LBSD patients may experience difficulty.
Further evidence of the correspondence of narrative comprehension, narrative expression, and their combined dependence on executive functioning comes from the imaging study. We observed extensive atrophy bilaterally in frontal, temporal, and parietal/ occipital regions, consistent with previous studies (Burton et al., 2009; Burton et al., 2004; Sauer, ffytche, Ballard, Brown, & Howard, 2006; Tam, Burton, McKeith, Burn, & O'Brien, 2005; Whitwell et al., 2007) . Within the areas of atrophy, we found a pattern of gray matter thinning related to narrative organization. In the top row of Figure 3 , at y ϭ 30, it can be seen that narrative comprehension, narrative expression, and executive functioning all were related to atrophy in a right ventral lateral region of the frontal lobe (BA 47). This suggests that ventral lateral frontal cortex is involved in both the comprehension and expression of narrative discourse coherence and that comprehension and expression are subserved, at least in part, by the same anatomic structures. These regions have been shown to be implicated in narrative comprehension and expression in a series of studies of healthy subjects and patients. Farag et al. (2010) found bilateral activation in judgments of more closely related compared with less closely related events in short scripts. In the same study, patients with progressive nonfluent aphasia and with bvFTD did not distinguish between more and less closely related events, and these patients exhibited significantly more atrophy in a left ventral frontal region. In a study of narrative expression, we used arterial spin labeling perfusion functional MRI in healthy young adults during the narration of a continuous story relative to describing single, unconnected pictures and found bilateral activation in the ventral prefrontal regions (Troiani et al., 2008) . Using the same materials, Ash et al. (2006) found that poor local connectedness during narrative production correlated significantly with cortical atrophy in right ventral prefrontal regions in bvFTD. A study of LBSD patients revealed a correlation of local connectedness during narrative expression with atrophy, also in a left ventral prefrontal region (Ash, McMillan, Gross, Cook, Morgan, et al., 2011) . In a study of narrative comprehension, Gross, Camp, et al. (2011) found a correlation of significant cortical atrophy with a difference in response latencies for highly associated and less closely associated events in a script. Independent evidence that these frontal brain regions contribute to executive functioning comes from numerous imaging studies of healthy adults, showing activation of these areas during performance of planning, working memory, and decision-making tasks (Ramnani & Owen, 2004) .
The regression analyses also identified an area of overlap of cortical atrophy, narrative expression, narrative comprehension, and executive function in a right anterior prefrontal region (BA 10) . This is displayed in the bottom row of Figure 3 . Imaging studies have demonstrated a role for this area bilaterally in attention, initiation, and higher-level planning (Badre & D'Esposito, 2007; Gilbert et al., 2006; Ramnani & Owen, 2004) . This region has also been found to be associated with impaired speech fluency in LBSD patients (Ash, McMillan, Gross, Cook, Gunawardena, et al., 2011) . Thus, impairments on the present tasks of narrative discourse organization, including both comprehension and expression, appear to depend at least in part on the same prefrontal regions, and these regions overlap with areas of prefrontal cortical atrophy that contribute to executive deficits. In sum, our findings are consistent with the claim that a deficit in narrative comprehension and narrative expression in LBSD is due to a single source, namely, limited executive functioning. We find this deficit to be related to atrophy in prefrontal brain regions that are compromised in LBSD. 
